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In this study, the biosorption characteristics of brewer’s spent grain (BSG) 
have been analyzed. For batch study, the effects of pH of dye solution, initial 
dye concentration, contact time, and biosorbent dosages were analyzed. For 
biosorption mechanism research, two mostly used models (pseudo-first-order 
and pseudo-second-order) were applied to the experimental data to evaluate 
the biosorption kinetic models. While for the equilibrium studies, both 
Langmuir and Freundlich models were applied. Base on the experimental 
results and the modeling studies, we have gained a comprehensive 
understanding of adsorption processes of BSG. In addition, the results showed 
that fixed bed column system was promising in practical application. Higher 
adsorption capacity, ease of operation and recycle are the notable advantages 
of the column system. Some important parameters such as flow rate, bed 
height and initial concentration were investigated in this study. Thomas model 
was applied to describe the column adsorption model and to predict the 
breakthrough curve. From the results, it was found that the column system had 
higher adsorption capacity for treating RhB. 
For future work, it is noted that some experiments have been done to know 
about the BSG, much work is necessary (i) to modify the BSG for higher 
adsorption capacity, (ii) to better understand the adsorption mechanism, and 
(iii) to further analyze the performance of adsorption processes for dye 




Synthetic dyes are important materials that are widely used in many industries 
such as textiles, leather, wool, printing, cosmetics, paper, pharmaceutical and 
food industries. There are many structural varieties of dyes, such as acidic, 
basic, disperse, azo, diazo, anthraquinone based and metal complex dyes1. It is 
estimated that over 100,000 dyes are commercially available. Approximately, 
8×105 – 9×105 tons of dyes are produced every year, with half of them being 
azo dyes2. Azo dyes are artificial dyes that contain an azo functional group, 
which have turned out to be the most problematic dyes to the environment. In 
industrial processes, approximately 10 – 15% dyes are wasted in effluents 
during dying processes3. Discharging of wastewater containing dye 
compounds into water sources has significantly reduced water quality. Since 
they have a synthetic origin and complex aromatic molecular structures, azo 
dyes are usually inert and difficult to biodegrade in waste streams1. They also 
affect photosynthetic activities of aquatic lives because dyeing effluents will 
deplete the dissolved oxygen contents in water and inhibit sunlight from 
reaching to the water sources4. In addition, dye wastewater and their 
degradation products are usually poisonous, mutagenic, teratogenic and 
carcinogenic, which are certainly harmful to aquatic organisms and human 
beings. Rhodamine B (RhB) is a dye material mostly used to dye silk, wool, 
cotton, leather and paper5. It can irritate eyes, skin, respiratory and 
gastrointestinal tract.  
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Therefore, proper techniques and processes are necessary in industries for 
efficient removal of these toxic chemicals from water bodies. Numerous 
physico-chemical processes have been proposed and applied for treatment of 
dye wastewater.5 Customary treatment processes including physical, chemical, 
biological1, comprising adsorption6, coagulation/flocculation7, advanced 
oxidation processes8, reverse osmosis, ion-exchange9, electrochemical, 
photochemical and photo-catalytic degradation. However, some traditional 
activated sludge processes were found to be ineffective in dye wastewater 
treatment, since dyes are usually chemical resistant, light stable and 
non-biodegradable10. Some previous studies have showed that 11 of 18 dye 
compounds passed through sludge process practically untreated, only 4 can be 
adsorbed on the activated sludge and only 3 were biodegraded11. Moreover, 
the application of some physical and chemical methods are restricted because 
of high operating cost, excessive use of toxic chemicals or strict application 
conditions12. 
As dye wastewater cannot be efficiently treated by traditional methods, the 
adsorption of dyes on some specific solid materials was recommended by 
some researchers due to flexibilityand simplicity of design, ease of operation, 
insensitivity to toxic pollutants and the harmless nature of involved 
substances3, 11. 
The process of the adsorption refers to that a waste material is concentrated at 
a solid surface from its liquid or gaseous surroundings13. Because of the 
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excellent mechanical and chemical stability, high specific surface area and 
resistance to biodegradation, some inorganic materials have been 
preferentially applied in adsorption studies. The carbon-based inorganic 
supports have been developed for removal of dyes in the industrial effluents14. 
Sulfonated coals have been found to have good sorption performance for 
synthetic dyes15. Further studies also reported that the activated carbon can 
efficiently remove the azo dyes Orange P and Red Px16. Similarly, it has been 
proved that activated carbon can also remove acid dyes17. The excellent 
adsorption capacity of silica was reported in the removal of textile dye Basic 
Blue 3 from effluents and was employed for adsorption of Rhodamine B, Acid 
Red 4, and Nile Blue sulfate from aqueous solutions18. Alumina has also been 
used for treating wastewater containing Rhodamine B and Nile Blue sulfate19. 
The results shown above demonstrated that inorganic sorbents possess good 
adsorption capacity for considerable type of dyes. However, one serious 
problem of these kinds of sorption materials is high energy consumption. 
Producing adsorbent for commercial application is fairly expensive. Since a 
large quantity of sorbent is needed in practice for the removal of dyes from 
large volume of wastewater, the high cost obstructs their development and 
application10. 
Due to the high cost of above mentioned adsorbents such as activated carbon, 
growing interests have turned to exploit and apply the low-cost, alternative, 
renewable, naturally-occurring, and readily available organic biosorbents in 
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the treatment of dye-contaminated industrial effluents20. The biosorbents 
generally originate from renewable sources and are wastes or by-products of 
industrial processes or agriculture residues without any commercial value. The 
adsorption capacity of such supports has been determined for synthetic dyes 
and the potential of their practical application has also been evaluated.  
Notwithstanding, low-cost adsorbents with high adsorption capacities are still 
under development1. There are numerous attempts to use biosorbents for 
decolorization. For example, some researchers focused on live microbial 
decolorization. Biosorbents derived from suitable microbial biomass21 can be 
used for effective removal of dyes from solutions since certain dyes have a 
particular affinity for binding with microbial species22. It is known that some 
fungi, like Penicillium sp. and Aspergillus sp.3, were used to remove dyes in 
the wastewater. Other types of biomass such as yeasts have been studied for 
their dye uptake capacities23. Yeasts are extensively used in a variety of 
large-scale industrial processes of fermentation. The adsorption capacity has 
been reported by some studies24-25. Biosorption by microorganism has its own 
advantages. The major advantage is its effectiveness in reducing the 
concentration of dyes to a low level22, along with other advantages such as 
easy to obtain and control, cost effectiveness, free from other pre-treatment. 
These advantages make it considered to be one of the most promising methods 
for decolorization26. In spite of good sorption capacities, some problems still 
occur during treatment processes. For example, the microbes could be strongly 
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affected by initial pH of the dye wastewater27. When the dye-containing 
effluent is very toxic, the resistance of the biomass is also an emerging 
problem to be overcome. The use of dead rather than live biomass eliminates 
the problems of waste toxicity and nutrient requirements. Biomass adsorption 
is effective when conditions are not always favorable for the growth and 
maintenance of microbial population26, 28. 
Raw agriculture solid wastes and waste materials from forest industries such 
as peanut shell27, 29, banana peel30, sawdust31, rice husk32-33 and cotton stalk34 
have been used to remove dyes from aqueous solutions. As a by-product in 
timber industries, sawdust is actually an efficient adsorbent which has been 
use to absorb various kinds of pollutants, such as dyes, oil and heavy metals35. 
It is easily available in the countryside with very low price and it contains 
various polysaccharides (lignin, cellulose and hemicellulose). These functional 
groups might be useful for binding dyes. The positive role of the sawdust in 
removal of dyes has been proven in many previous studies. The removal 
capacity is the result of comprehensive sorption mechanisms, such as 
complexation, ion-exchange and hydrogen bonds22. One drawback of this 
materials is that the sorption efficiency is highly dependent on pH of the dyes 
solution36.  
Other agricultural solid wastes from cheap and easily available resources such 
as date pits, pith, corncob, barley husk, wheat straw, wood chips and orange 
peel have also been successfully developed for the removal of dyes from 
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aqueous solution30, 32, 36-37,37b. 
Brewer’s spent grain as low-cost residue from beer industry is rich in fibers 
(60 wt.% dry matter)38,  cellulose and non-cellulosic polysaccharides. It has a 
strong potential to be recycled. Nowadays, more researchers pay attention to 
added value on this waste material39. One possible application is to use it as  
biosorbent for treating wastewater. 
Immobilizing the biomass on a supporting material or some sets of systems 
has also been investigated by many researchers17, 40, 40a, 41, 42. This method has 
the advantages over non-immobilized biosorbents, including ease of operation, 
easier solid-liquid separation, biomass collection, regeneration and minimal 
clogging in continuous flow systems41. 
In real wastewater treatment, textile dyes are diluted by other types of 
wastewater in a large quantity. Some previous studies have mentioned that dye 
removal percentage is low at low concentration37a-43. Using biosorbent to 
concentrate dyes from a dilute solution will be an effective method for 
subsequent waste treatment processes. In this study, the biosorption 
characteristics of BSG biomass were explored as a function of batch and 
fixed-bed column condition for removal of Rhodamine B from aqueous 
solution at low concentration (2.5 mg/L to 10 mg/L). Characterization of BSG 




2. Materials and Chemicals 
2.1 Chemicals 
All the analytical grade chemicals were from Sigma–Aldrich Chemical Co. 
(USA). 
2.2 Preparation of BSG 
The brewer’s spent grain biomass was collected from Tiger Beer, Singapore. 
The biomass was washed several times with tap water and then rinsed with 
distilled water to remove the dust and other impurities. Then the biomass was 
filtered using porous tea bag paper to get rid of water and the cleaned biomass 
was dried in oven at 80 °C for 24 hours. After cooling, the dried sorbent was 
crushed with a blender and sieved through a screen. 
2.3 Surface modified by HCl 
The ground and sieved biomass were treated with dilute HCl to wash out the 
impurities on the surface. 20g BSG biomass was suspended in 1L dilute HCl, 
magnetic stirring at 500 rpm for 4 hours. The biomass was filtered using tea 
bag paper and the acid solution was discarded. The biomass was washed with 
distilled water until the outlet pH reached 7.0. Then the biomass was dried at 
80 °C for 24 hours. 
2.4 Characterization of BSG biomass  
Fourier transformed infrared spectra was recorded on the IRPrestige-21 
(Shimadzu, Japan) Model with KBr pellets at room temperature. For FT-IR 
studies, 2 mg of biosorbent before and after biosorption was wrapped up in 
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200 mg of KBr translucent discs by pressing the finely grounded mixture with 
the bench rotary vacuum pump.  
The surface structure of BSG biomass was analyzed by scanning electron 
microscope (JEOL JSM-5200).  
2.5 Biosorption kinetics  
The batch experiments were conducted by using 100 mL Erlenmeyer flasks. 
50 mL dye solution and known amount of biomass were added into the flasks. 
Then the flasks were agitated on the magnetic stirring apparatus at a constant 
speed of 500 rpm for further study of the effect of important parameters like 
pH, initial dye concentration, adsorbent dosage and contact time. Sampling 
during the experiment was carried out at appropriate time intervals. Samples 
were centrifuged at 12, 000 rpm for 5 min on a micro-centrifuge and the 
supernatant was then used for analysis of the remnant dye concentration. The 
effect of pH on dye removal was studied over a pH range of 2-10. The pH was 
adjusted by adding the dilute aqueous solutions of 0.1N HCl or 0.1N NaOH. 
For investigating the optimum biosorbent dosage, 50 mL solution was 
contacted with different amounts of BSG till adsorption – desorption reached 
equilibrium. The kinetics of adsorption was determined by analyzing 
adsorptive uptake of the dye from the aqueous solution at different time 
intervals and dye concentrations. Each experiment was conducted at triplicate. 




2.6 Column procedure 
The column is 150mm length and the inside diameter is 10mm. A small 
amount of glass wool was stuck at the bottom of column to prevent from 
clogging and washing out the biomass. A known quantity of the BSG was 
packed in the column to yield the desired bed height of biosorbent (1, 2, 3 cm). 
Rhodamine B dye solution of known concentration (5.0, 7.5 and 10mg/L) at 
pH 7 were pumped upward through the column by a peristaltic pump, the flow 
rates were set at (2.0, 4.0, 6.0 mL/min). The discharge at the outlet of the 
column were collected at a regular time intervals and the concentration was 
measured using a double-beam UV-visible spectrophotometer at 554nm. All 




3. Results and Discussion 
3.1 Characterization of biosorbent 
3.1.1 FT-IR spectrum 
 
Fig. 1 Fourier transform infrared adsorption spectra of the BSG 
The FTIR spectrums of untreated and HCl treated BSG were shown in Fig. 1 
which display many adsorption groups. The IR broad adsorption peak around 
3400 cm-1 represents the existence of –OH and –NH groups. The spectrum 
also displays the adsorption peaks at 1382 cm-1 and 1044 cm-1 corresponding 
to the carbonate and carbohydrates. –CH stretch ascribed to the band that 
appeared at 2924 cm-1. The stretching bands of carboxyl double bond are 
observed at 1650 cm-1 and 1750 cm-1. The carboxyl group was considered as 
main biosorption site which plays a significant role in absorbing the cations 
according to its pKH value. The previous studies have proven the importance 
role of carboxyl group on native biomass44-45. It can notice that after HCl 
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treatment, more functional groups were exposed to the surface. 









The surface morphology and characterization of the BSG were studied by 
using scanning electron microscope (SEM). It has been used to look into the 
details of the particle surface, such as particle shape and porous structure of 
the biomass. Larger pore size and number may enhance absorption of dyes. 
The SEM photographs of native and HCl treated biomass were shown in Fig. 
2a-b. The biomass had some tiny pores on the surfaces. After undergoing the 
HCl treatment, the impurities covered on the surface were washed out and 
more pores were exposed. The observation was consistent with the results of 
FT-IR spectrums.  
3.2 Batch experiment 
3.2.1 Effect of pH  
The pH is an important parameter affecting the biosorption process. It affects 
the activities of functional groups on the surface of biosorbents and also 
influences the availability of dye molecules. In order to examine the effect of 
initial pH value on decolorization of Rhodamine B solution, dye adsorption 
experiments were done at pH range of 2 to 12 using initial dye concentration 
of 5 mg/L. 
As it can be observed from Fig. 3, the dye removal percentage increased from 
21% to 97% when pH value increased from 2 to 9. This may be due to high 
electrostatic attraction between the negatively charged surface of the BSG and 
dye cations. The amount of negatively charged sites on biosorbent surface at 
the lower pH surrounding caused the surface of the biosorbent tend to 
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associated with hydrogen ion. As the pH of dye solution decreased, the 
electrostatic repulsion between positively charged dye cations and positive 
biosorbent surface binding sites is stronger, and the hydrogen ion also took 
part in competing with dye cations on associated with biosorbent surface. So 
the uptake of Rhodamine B decreased. Another explanation can be that, in 
high pH medium (neutral or alkaline), the biosorbent surface sites were 
negatively charged so the electrostatic interaction of Rhodamine B with 
negatively charged biosorbent surface increased, which favored the removal of 
dye cations. According to the results, initial pH was selected as 7.0 for further 
biosorption studies. 
 
Fig. 3 The effect of initial pH of dye solution 
3.2.2 Effect of contact time and initial dye concentration 
The investigation of biosorption rate of RhB onto BSG at different initial dye 
concentrations was conducted at a constant BSG concentration of 8 g/L. The 
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initial dye concentrations varied from 2.5 to 10 mg/L at a pH of 7.0. Samples 
were withdrawn at different time intervals at room temperature. It is shown on 
Fig. 4 that the Rhodamine B uptake had a sharp increase at the beginning of 
the reaction for all investigated initial dye concentrations, followed by a 
continued slower removal rate and finally reached to the saturation. This 
phenomenon can be due to the fact that at the beginning of the dye contact 
with the sorbent materials, the adsorption of Rhodamine B was taken place 
probably via surface functional groups, there were plenty of binding site 
available for dye adsorption onto the sorbent surface, so the dye molecules 
interacted easily in these sites. Until the binding sites were fully occupied, the 
dye molecules diffused into pores of the adsorbents for further adsorption46. 
The equilibrium was attained within 60 min for the dye concentration of 2.5, 
5.0, 7.5 and 10.0 mg/L. After this time, the concentration of Rhodamine B in 
liquid phase remained almost constant. For further confirmation whether the 
contact time was sufficient to get saturation, the experiments were extent for 
another 120 min. 
At equilibrium, the amount of Rhodamine B uptake increased from 0.31 mg/g 
to 0.83 mg/g with the initial dye concentration increased from 2.5 mg/L to 10 
mg/L, while the removal efficiency decreased from 100% to 66.4%. This 
proved the fact that the concentration gradient is an important driving force to 
overcome the mass transfer resistances between the liquid and solid phase. 
The adsorption got saturation at the concentration of 5.0 mg/L, the removal 
15	  
	  
yield reached 96%. The adsorption efficiency decreased significantly to 78.2% 
at 7.5 mg/L. At lower dye concentration, the ratio of solute connecting to the 
biosorbent sites is higher, which caused the increase in color removal 
efficiency, while at higher dye concentration, the lower adsorption percentage 
was caused by the saturation of adsorption sites. 
 
Fig. 4 Effect of initial concentration and contact time on the removal of RhB 
3.2.3 Effect biosorbent dosage 
Biosorbent dosage is an important parameter because this factor determines 
the capacity of biosorbent for a given initial concentration of dye solution. The 
effect of biosorbent dosage was investigated by varying the biosorbent dose 
from 2.0 to 8.0 g/L at 50 mg/L dye concentration. The results in Fig. 5 
revealed that by increasing of the BSG dose, the biosorption capacity (% color 
removal) increased significantly. With 8 g/L biosorbent, almost all dyes can be 
removed from the liquid. The increase in the biosorption with the biosorbent 
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dosage can be attributed to greater surface areas and the availability of more 
adsorption sites. 
 
Fig. 5 The effect of biosorbent dosage 
3.3 Kinetic model 
The sorption mechanism and the rate of the adsorption process are important 
for studying the biosorption system. In order to evaluate the performance of 
the biosorbent for dye removal, the pseudo – first order and pseudo – second 
order kinetic models were used to fit the experiment data. 
3.3.1 Pseudo-first-order model 
The pseudo-first-order equation described by Lagergren is given as:  





= −  (1) 
where qt (mg/g) are the dye adsorbed on the biosorbent at time t, qe (mg/g) is 
the adsorption capacity at equilibrium time, kf is the pseudo-first-order rate 
constant (1/min), after integration when applying boundary conditions qt = 0 at 
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q q q t− = −  (2) 
A straight line by plottng log( )e tq q−  against t suggests the applicability of 
this model and qe and kf can be determined from the intercept and slope of the 
line, respectively. 
Fig. 6 shows the experiment data of different initial concentrations fitting with 
the pseudo-first-order model. The values of adsorption rate constant (kf), 
calculated equilibrium adsorption capacity qe and corresponding coefficient 
are given in Table 1. For this model, it is important to notice that the qe must 
be known before plotting the curve. The calculated qe (cal) values are not in a 
good agreement with the experiment values qe (exp). And the regression 
coefficients ranged from 0.7908 to 0.8476, which were relatively low. The 
results suggested that the pseudo-first-order kinetic model was not suitable for 




Fig. 6 Pseudo-first-order kinetic plot for the removal of RhB 
Table 1 Parameters of pseudo-first-order model 
C0 (mg/L) qe (mg/g) kf (1/min) R2 
2.5 0.101 0.043 0.8004 
5.0 0.155 0.022 0.7908 
7.5 0.249 0.038 0.8476 
10.0 0.246 0.032 0.8141 
3.3.2 Pseudo-second-order model 
The pseudo-second-order model is based on assumption that the adsorption 
may be second-order, and the rate limiting step may be chemical adsorption 
involving valence forces through sharing or the exchange of electrons between 
biosorbent and sorbate47.  
The model is given as follows:  





= −  (3) 
where ks (g/mg min) is the rate constant of the second-order model, qe (mg/g) 
is the maximum biosorption capacity, qt (mg/g) is the amount of biosorption at 
time t48. Integrating for the boundary condition t = 0 to t = t, and qt = 0 to qt = 









And the linear form can be expressed as: 
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 against t, the rate parameter ks and qe can be obtained from the 
intercept and slope, respectively. 
 
Fig. 7 Pseudo-second-order kinetic plot for the removal of RhB 
Fig. 7 shows the plotting results of the experiment data fitting with the 
pseudo-second-order model. Other parameters like values of adsorption rate 
constant (ks), calculated equilibrium adsorption capacity qe and corresponding 
coefficient are given in Table 2. The correlation coefficients were nearly equal 
to unity and the calculated qe (exp) values were much closer to the experimental 
value. In view of these results, it can lead to the conclusion that 
pseudo-second-order model mechanism is predominant for biosorption of 
Rhodamine B onto BSG. Therefore, it can be inferred that the rate limiting 





Table 2 Parameters of pseudo-second-order model 
C0 (mg/L) qe (mg/g) ks (g/mg min) R2 
2.5 0.397 1.850 0.9998 
5.0 0.768 0.979 0.9998 
7.5 1.011 0.611 0.9997 
10.0 1.559 0.706 0.9999 
3.4 Biosorption isotherms 
3.4.1 Langmuir adsorption isotherm 
The Langmuir isotherm is the most common model used to describe 
quantitatively the formation of a monolayer adsorbate on the surface of the 
adsorbent at a certain temperature. This model is based on the assumptions 
that the intermolecular forces decrease rapidly with increase of distance, so the 
surface of adsorbent is homogeneous with no corrugations, a monolayer 
adsorbs onto the surface containing immobile sites and there are no 
transmigration between adsorbate on the surface49. The Langmuir isotherm 











The linear form can be written as: 
1 1 1
e m m L eq q q K C
= +  (7) 
where qe is the amount of dye adsorbed at equilibrium (mg/g), KL (L/mg) is 
the Langmuir constant related to the free energy of sorption, qm (mg/g) is 
Langmuir constant related to the maximum sorption capacity of complete 
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monolayer coverage, and Ce is the equilibrium dye concentration in the 
solution. Plot the 1/ qe versus 1/Ce using the experiment data, the value of qm 
and KL can be calculated from the slope and intercept.  
The essential features of the Langmuir isotherm can be expressed in terms of 
dimensionless constant separation factor for equilibrium parameter RL, RL can 









where C0 is initial dye concentration, KL is the Langmuir constant mentioned 
above. 
RL value is considered to reliably indicate the adsorption nature to be either 
unfavorable (RL > 1), linear (RL = 1), favorable (0 < RL < 1) and irreversible 
(RL = 0)49. 
3.4.2 Freundlich adsorption isotherm 
The Freundlich adsorption isotherm is one of the commonly used model to 
describe the adsorption characteristics for the heterogeneous surface50. It 
assumes that the adsorption surface is heterogeneous, with the sites that have 
different energies of sorption. The Freundlich isotherm equation is given as: 
1/n
e f eq K C=  (9) 
where Kf (mg/g) is the Freundlich isotherm constants, n is an empirical 
parameter adsorption intensity, Ce (mg/L) is the equilibrium concentration of 
dye solution and qe is the amount of dye adsorption onto the biosorbent at 
equilibrium time. The linearizing form can be expressed as: 
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1log log loge f eq K Cn
= +  (10) 
The experimental equilibrium data of Rhodamine B were fitting to Freundlich 
model, plot log qe against ln Ce, the Kf and n can obtain from intercept and 
slope, respectively.  
Table 3a Parameters of Langmuir and Fredudlich isotherm model 
C0 (mg/L) Ce (mg/L) 1 / Ce qe (mg/g) 1 / qe log Ce log qe 
2.5 0.006 166.667 0.312 0.019 -5.116 -1.166 
5.0 0.158 6.329 0.606 0.261 -1.845 -0.501 
6.0 0.820 1.220 0.648 1.265 -0.198 -0.434 
7.5 1.734 0.577 0.731 2.372 0.550 -0.313 
10.0 3.380 0.296 0.830 4.072 1.218 -0.186 
Table 3b Parameters of Langmuir and Fredudlich isotherm model 
Langmuir isotherm model  Freundlich isotherm model 
qm KL R2  1/n Kf R2 







Fig. 8 (a) Langmuir adsorption isotherm (b) Freundlich adsorption isotherm 
Table 3 presents the data and parameters for plotting Langmuir and Freundlich 
isotherm. It can also be observed from Fig. 8(a)-(b) that experiment data fit 
well in both isotherm models, the correlation coefficients for these two models 
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are 0.9658 and 0.9601, which are relative high. The RL values ranged from 
0.003 to 0.0007 when the initial dye concentrations varied between 2.5 and 10 
mg/L and approached zero with increase in C0 value. But it’s worth noting 
from Fig. 8a that, even though R2 is relatively high and RL values are between 
0-1, one point (166.667, 0.312) is too far away from others. The linear fitting 
is not well at intermediate concentrations. All taken into account, it can be 
safely concluded that the data fit poorly to Langmuir model. This suggests that 
the interactions were not simple surface adsorption.  
The Freundlich constants, Kf and 1/n were 0.697 and 0.147 respectively, and 
the correlation coefficient R2 was 0.9601. The Freundlich constant 1/n was 
below one, which indicated a normal heterogeneous adsorption process, 
showing a favorable sorption process under studied condition.  
3.5 Column studies 
The results of Rhodamine B biosorption onto Brewer’s spent grain were 
described through the S-shaped experimental curves called breakthrough curve. 
The breakthrough curve showed the loading behavior of Rhodamine B from 
the solution, and is plotted as the Final Absorbance (Absf) / Initial Absorbance 
(Absi) as a function of time. This form equals to the expression of normalized 
concentration defined as the ratio of the outlet Rhodamine B concentration to 
the inlet Rhodamine B concentration vs. time (Cout / Cin vs. t). While the 
breakthrough time (tb) is defined as the time when the ratio of final absorbance 
effluent to the initial absorbance of effluent reaches 0.001 (Absf / Absi = 0.001 
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equals Cout / Cin =0.001). The exhaustion time (te) is represented as time when 
the ratio of final absorbance of effluent to the initial absorbence of effluent 
reaches 0.95 (Absf / Absi = 0.95 equals to Cout / Cin = 0.95). And the 
breakthrough capacity (Q0.5) can be expressed as the following equation41. 
Breakthrough capacity (Q0.5) = dye adsorbed on biosorbent bed (mg) / 
mass of biosorbent in bed (g) = breakthrough time (at 50%) × flow rate × feed 
concentration / mass of biosorbent in bad (g) 
where breakthrough capacity Q0.5 (50%) means the ratio Cout / Cin = 0.50 
Other parameters determining the column performance can be expressed as 
below51： 
Total effluent volume:  
(  )eff e totalV F t or t= ×  (11) 




Abs xFtV =  (12) 
where Absi is the initial absorbance, F is the flow rate (mL/min), te is the 
exhaustion time (min), and ttotal is total flow time (min).  




⋅  (13) 
where Vad is the total dye adsorbed in the column which is equal to the area 
above the breakthrough curve multiplied by the flow rate (F). While the total 
dye desorbed (Vd) is equal to the area below the breakthrough curve multiplied 







= ⋅  (14) 
3.5.1 Effect of column height 
 
Fig. 9 Effect of bed height on the removal of Rhodamine B in fixed bed 
column  
The effect of bed height was investigate by varing bed height (1, 2, 3 cm) at a 
constant flow rate of 4 mL/min and dye concentration of 10 mg/L. The 
breakthrough curves in Fig. 9 showed that when the bed height increased from 
1 to 3 cm the breakthrough time shifted to a higher value. The breakthrough 
time, saturation time, biosorption capacitied were evaluated and presented in 
Table 4. Increasing the bed height led to an extention of breakthrough time 
from 10 to 40 min as well as the exhaustion time from 160 to 240 min. It was 
obvious that a taller column had more biosorbent biomass binding sites, 
thereby a longer breakthrough time and saturation time were obtained from 3 
cm bed height. The treated volume was also increased from 640 to 960 mL. 
27	  
	  
For a higher column height, it will take a longer time for the solution to go 
through the biosorbent, so the axial dispersion was decreased in the mass 
transfer and there would be enough time for the dye solution to diffuse into the 
whole sorbent mass. After longer time, more dyes will get diffused and the 
more volume of dye solution was treated. The biosorption capacity also 
increased from 2.13 to 2.67 mg/L. This may also contribute to higher 
adsorbent doses at higher bed depths. 



















1 4 10 160 640 50 2.13 
2 4 20 190 760 70 2.40 
3 4 30 260 960 150 2.67 
3.5.2 Effect of flow rate 
Flow rate is considered to be an important parameter affecting the 
performance of the biosorbent in the continuous mode study. The effect of 
flow rate on the removal of RhB was evaluated at different flow rate (2.0, 4.0 
and 6.0 mL/mim) in the constant bed height of 3 cm with initial dye 
concentration of 10 mg/L. The experimental results were illustrated in Fig. 10 
which revealed that the breakthrough time decreased with increasing flow rate, 
while the column parameters are shown in Table 5. The increase of flow rate 
reduced the breakthrough time, and the breakthrough point was achieved in 70 
min at the flow rate of 6 mL/min comparing with 230 min with the flow rate 
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of 2 mL/min. At the beginning of the dye binding to the BSG, the higher flow 
rate led to a shorter contact time between dye molecules and adsorbent. It 
means that more dye molecules compete with each other for a biosorbent 
binding site. Meanwhile, the increasing flow rate led to faster exhaustion time, 
from 390 to 190 min with the flow rate increasing from 2 to 6 mL/min, this 
may be due to insufficient solution resistance time. The resistance time of 
solute is an important parameter in designing the column. With the increasing 
flow rate, not all the solute in the solution can have enough time to penetrate 
into the sorbent and to react with the functional groups, which usually results 
in a shorter breakthrough time. The volume of dye treated ( Veff ) increased at 
higher flow rate. The Veff increaed from 780 to 1140 mL, as the flow rate 
increased from 2.0 to 6.0 mL/min. As it can be observed that the highest 
biosorption capacity was obtained at the flow rate of 4 mL/min, It can be 
deduced that under this flow rate, the mass transfer or the dye diffusion was 
effiecient enough. With 2 mL/min, in the unit time more dye molecules passed 
through the column, there were sufficient binding sites to retain the solute and 
the sorbent binding sites got proper utilization. This may be the reasion why 




Fig. 10 Effect of flow rate on the removal of Rhodamine B in fixed bed 
column 



















3 2 50 390 780 230 2.04 
3 4 30 260 1040 150 2.67 
3 6 20 190 1140 70 1.86 
3.5.3 Effect of initial dye concentration 
The influence of initial dye concentration was studied between 5.0 and 10.0 
mg/L in the constant bed height of 3 cm at the flow rate of 4 mL/min. The 
experimental results are showed in Fig.12 and other column parameters are 
presented in Table 6. The results indicated that, when the initial concentration 
of dye solution increased, the time of 50% breakthrough capacity decreased. 
This can be explained that a lower concentration gradient means a lower 
molecular loading, which causes a slower transportation of solute. This may 
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lead to a decreased diffusion coefficient (or mass transfer coefficient)42. In 
turn, the adsorption capacity of BSG increased from 1.86 to 2.67 mg/g with 
the increasing initial dye concentration. The probable explanation is that when 
the loading concentration increased, the mass transfer and the driving force 
increased40a. At higher concentrations, the volume of treated dye solution 
dereased. The results are in agreement with other previous work52. 
 
Fig. 11 Effect of initial concentration on the removal of Rhodamine B in fixed 
bed column 




















3 5.0 50 410 1640 210 1.86 
3 7.5 40 360 1440 180 2.4 
3 10.0 30 260 1040 150 2.67 
3.5.4 Application of Thomas model 
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The Thomas model53 is one of the most general and widely used models in 
describing the column adsorption model and predicting column breakthrough 
data. It assumes the Langmuir kinetics of sorption – desorption and no axial 
dispersion, and is derived with the assumption that the rate driving force obeys 
second-order reversible reaction kinetics. This model also assumes a constant 










Fig.11 Modified Thomas model for biosorption of Rhodamine by BSG on 
experimental data (a) effect of bed height (b) effect of follow rate (c) effect of 
















10.0 1 4 0.239 25.35 0.9622 
10.0 2 4 0.257 22.65 0.9712 
10.0 3 4 0.243 27.53 0.97 
10.0 3 6 0.327 20.14 0.9148 
10.0 3 2 0.157 21.48 0.9547 
7.5 3 4 0.211 24.31 0.9375 
5.0 3 4 0.304 20.37 0.9385 
The rate constant (kTh) charaterises the rate of dye transfer from liquid solution 
onto the biosorbent. Fig. 11 describes the modified Thomas model when fitted 
with the experiment data. Other parameters calculated from the plotting were 
shown in Table 7. The column data fitted to the Thomas model and the 
coefficients were obtained using linear regression analysis. As the loading 
concentration increased the value q0 increased, while the kTh got decreased and 
reached lowest value at the concentration of 7.5 mg/L. As it is known that the 
driving force for adsorption is the concentration difference between dye 
solution and dye on the adsorbent, there may be other machanism influencing 
the the adsorption processes. These results showed that with the initial dye 
concentration of 10 mg/L, 3 cm bed height and 4 mL/min flow rate, the 
adsorption performance was the best. This indicated that a higher column 
height, higher dye concentration and a suitable flow rate are the keys for the 
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high adsorption efficiency. 
4. Conclusion 
The BSG was found to be one of the promising biosorbents for the uptake of 
RhB dye solution due to its low cost, easy availability, and possibility to treat 
the dye at a low concentration. The utilization of BSG may be the main 
advantage of the present study because it is an industry waste material.  
The RhB removal efficiencies at low concentrations (2.5-10.0 mg/L) of BSG 
were tested in the light of equilibrium, kinetics and isotherm parameters. The 
solution pH, and initial dye concentration play important roles in affecting the 
capacity of the biosorbent. When the solution is neutral or alkali, the removal 
efficiency is much higher than that for the acidic solution. The kinetics of RhB 
biosorption onto BSG follows the pseudo-second-order model.  
The biosorption pattern of RhB onto BSG was well fitted with Freundlich 
isotherm model. The heterogeneous parameter 1/n is 0.147, the smaller 1/n, 
the greater heterogeneity. And n (6.8) is between one and ten, showing a 
favorable sorption process.	   Fixed bed column experiments were also 
performed and bed height, flow rate and initial dye concentration form 
maximum dye removal were analyzed in the continuous mode.  
The experimental results indicated that the Brewer’s spent grain could be 
successfully used for the removal of RhB at low concentration from aqueous 
solution. However, the small surface area of 0.1157 m2/g is the most important 
limiting factor for a better performance of BSG 
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study, reducing particle size, increasing the surface area and pore size, 
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